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Description 

FIELD OF THE INVENTION 



PRIOR ART 



alkenyl functional group at Its moteSJ^^^^^^^^^ '""T""' " « P^lv^^^ ^^'^'^^ 

containing compound as a cuZ aolnt te^h.^?!?, . crossllnking In the presence of a hydrosllyl group- 

reaction i^J^l^Sn^'z^ri ^"'^'^"^^ ^"^^''""y 

gives a ctt>ssllnkable sHyl group-Sated ooSr^ v^^^^^^^ group-containing hydrosllyl compound 

hydro3ilylation catalyst I3 generainiSTaS liydrosllylatlon reaction proceeds under healg. a 

radical inftlators. su<i as organTcrrJJwef a^^^^^^^ ^'^'^ f-V^'siMation catavk 

is known that particularly when a tSferm^SJ- w • 5 ' f '"^'a' -catalysts can be mentioned I 

tlon but glve3 a polymer with a def Inrte temilnal s^ciTSl IM^^^^^^^ "T''^ ^^'^"^^ 

method for introduction of a functional group In oThTDSLmrrhlr; ?^ PoVmeMzatlon can be cited as an effective 

to IMng polymerization have beSi diiS^In t^^^^^^^^ 

polymerization are have been undeS^wSri n^S ^"^ °" '^'"9 fa<"cal 

polymerization technique a v^i^oC^wr^ Tl?"""'^ "^'"^'"9 radical 

Of the atom transfer radical poTmSl ti^SnZTl . L*^'^^' A« an example , 

ganohategen compound7r a hraeni «uS ' ^ mentioned a polymerization system using an or- * 
Which IS an elemeSt Of group 8 STgrZ 0 oToTSTi " the center metal 0, 

Matyjaszewski et al.. J Am Chem S i?7 ^'^•^"ts as a catalyst [e.g. 

orsawamoto etal.. MacromoSs i^sla ' ^ ^^S. 28. 7901. Science 1996. 272. 866 

Ktar^rir^tCryr^^^^^ 

Physical propertes of the P^l^pZ^f^l^^t^^^^ !? discoloration and adverse effects on 

^ an alkenyl group-tem,inated vinyl poCrTrScS bH?^^^^^^^^ «~°"'«ered. Taking 

increased production cost. The present ln^n^„o3«m!fr 1 ^"'^^''"^"t disposal of the adsortent and an 
« SUMMARY OF THE INVENTION 



[0006] 



» Sr SST^ISa^onTZ^^^ °' * ^'"y' P^^-- ^''•-^'^ "y the atom 

whe.ln an oxidffagror a LdS a^^^^^^^^^^ " ^ ^ 

SuTpr^rurrrrdr^^^^^^^ 

oxidizing agent or a reducing agent Is used Production of said vinyl polymer, wherein an 

I'nyt^oCer mS;roS^^^^^ "T' ""^ P^-^-- ''-^"9 « -st one 
transftVn m^talcoCrxt a poS^K^^ 

(4) T.e invention b further concerned w«h a method for purificatton of a ^ny. po^er for use as a conponent 
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constituting a hydrosllylatable composition, wherein the use ot an oxidizing agent or a reducing agent Is used. 

(5) The invention is further concerned with a vinyl polymer obtainable by any of the above purification methods (1 ) 
to (4) and a hydrosllylatable composition comprising said potymer. 

(6) The Invention Is further concerned with a curable composition comprising (A) an ailcenyl group-containing vinyl 
5 polymer obtainable by any of the above purification methods (1) to (4) and (B) a compound containing at least 1.1 

hydrosiiyi groups per molecule. 

(7) The invention is further concerned with a crosslinkabie silyl group-containing vinyl polymer obtainable by sub- 
jecting an alkenyl group-containing vinyl polymer obtainable by any of said purification methods (1) to (4) and a 
hydrosiiyi group-containing compound additionally having a crosslinkabie silyl group to hydrosliylatlon reaction. 

10 (8) The Invention Is further concerned with a curable composition comprising said crosslinkabie silyl group-con- 
taining vinyl polymer. 

DETAILED DESCRIPTION OF THE INVENTION 

15 [0007] The present Invention relates to a method for purification of a vinyl polymer obtainable by the atom transfer 
radical polymerization of a vinyl monomer using a transition metal complex as a polymerization catalyst, whteh com- 
prises bringing said the vinyl polymer into contact with an oxidizing agent or a reducing agent. It should, however, be 
understood that the vinyl polymer to be purified is not limited to one produced by atom transfer radical polymerization 
but may be a vinyl polymer obtainable by any other production method. 

20 

Atom transfer radical polymerization 

[Q008] To begin with, atom transfer radical polymerization is described in detail. The term "atom transfer radical 
polymerization" as used in this specification means a mode of living radical polymerization In which a vinyl monomer 

2S is radical-polymerized using an organohalogen compound or a halogenated sulfonyl compound as an initiator and a 
metal complex the center metal of which is a transition metal as a catalyst. For information on specifk: relevant tech- 
niques, reference may be had to MatyJaszewskI et al. , J. Am. Chem. Soc, 117, 561 4 (1 995); Macromolecules 28, 7901 
(1 995); Science 272^ 866 (1996), WO 96/30421 , WO 97/1 8247, WO 98/01 480, WO 98/40415, Sawamoto et al., Mac- 
romolecules 28. 1 721 (1 995), Japanese Kokai Publication Hei-9-20851 6 and Japanese Kokal PubllcationHei-8-41 1 1 7, 

30 among others publications. 

[00091 Atom transfer radical polymerization In the context of the present invention Includes the so-called reverse 
atorp transfer radical polymerization. Reverse atom transfer radical polymerization Is atechnoiogy such that an ordinary 
radical Initiator such as a peroxide is caused to act e.g. with Cu (1 1), in the case of using Cu (!) as the catalyst, to thereby 
establish an equilibrium state similar to that prevailing In standard atom transfer radical polymerization when an ordinary 

35 atom transfer radical polymerization catalyst has liberated a radical and come into a highly oxidized state (cf. Macro- 
molecules 32, 2872 (1999). 

[0010] in this atom transfer radical polymerization, an organohalogen compound, partculariy an organohalogen com- 
pound having a highly reactive cartjon-haiogen bond (e.g. a carbonyl compound having a halogen atom In the a- 
position or a compound having a halogen atom In the benzyl position), or a halogenated sulfonyl compound, for in- 
40 stance, is used as the Initiator. Specifically, compounds represented by the fomiulae: 

CeHs-GHgX, C6H5-C(H) (JQChij, CeHs-CtX) {CH^h 
(wherein C^H^ means phenyl; X represents chlorine, bromine or iodine), 
R3-C(H) (X) -COgR^. R3-C(CH3) (X)-C02R*, R3.C(H) (X)-C(0)R^ R^-ClCHa) (X) -C(0)R4 
45 (In the above formulae. and R* each represents a hydrogen atom or a C1.20 aH^^ or aralkyi group: X 
represents chlorine, bromine or Iodine), and 
R3-C6H4-S02X 

(wherein represents a hydrogen atom or a Ci.go alkyli aryl or aralkyi group; X represents chlorine, bromine or 
iodine) can be mentioned by way of example. 

50 

[00111 The atom transfer radical polymerization of a vinyl monomer using said organohalogen compound or halo- 
genated sulfonyl compound as an initiator gives a vinyl polymer having the terminal structure represented by the fol- 
lowing general formula (1 ): 

^ -C(R^ (R^) (X) (1) 
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C^S^trchC; bTlr Se)' --^^-^^^ ^roup or a vln, monomer: X 

group not involved In the Initiation of poTymSion IV^^^^^^^ ^"^ ^ 

polymer having said reactK^e funlll 9^ atle tTS^inuVnTK^' T""^^' P™^"*^ « ^'"^ 

general fomiula (1) atthe othertermiJusZSof i Lrr/«fth '^'^^l" temilnal atoicture of the 

alkenyl. crossllnkablesilyl. hydrS ep^W 2?^n^^ 

functional group, an optLal otSuS fSloSi nr^f™ h ? ^ """""^ ^^^^'^'V ^''^"^'^ ^^^^fve 
reaction steps. ^^"P Introduced Into the vinyl polymer via one or more 

KaJru^r^rsr^^^^^^^^^^^ 
i:^iti™rtre;r^^^^^^^^^ 

•C(0) - (iceto group) or an o-. m-. or pWenv^^raroua ^ t represents -C(0)0- (estergroup). 

to 20 carbon atoms which m;y opUonXoS Jne J; m^TT TT ^ """'^"^ "'^^"'^ 9™"P °' ^ 

0(0»(0l4)!i<»££^, ' mo)0(CHi,CH*H„ (H,C),C()C)C(0)0(CWH.OH„CH,C^^(H)(X) 



50 



55 



40 



45 




C02(CH2)nCH=CH2 



?cJJ!c(ST; oTcH rrH!^M^ "^'"'"^ " 'nt^ger of 1 to 20) 




C02(CH2)nO-(CH2)mCH=CH2 



- .CrT'JT'"' ' '"""""^ ""'"'"^ " '^^'"^ ' " ^^--'^ - 0' 1 to 20: m rep^sents an 
-C6H:-(Sr-&^^^^ ^-^^^^"^ -CsH.-(CH,,„-CH=CH,. 0. m. p-CH3CH^(H, (X, 

- P-CH^C^hS^^^^^^^^^ ^' ^■^"3C(H) (X)-C^.(C^„-0-(C^y„iH=CH. 0. m. 
iCrS 0 to """'"^ " " '^-^"^ -^^^ 0' 1 to 20: m .^presents an 
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0, m. p-XCH2-C6H4-0-(CH2)n-CH=CH2, 0. m. p-CHaCtH) (X)-C6H4-0-(CH2)n-CH=CH2. 0. m, p-CHaCHgCiH) pCj-CgHv 
0-(CH2)„-CH=CH2. 

(In the above formulae. X represents chlorine, bromine or iodine; n represents an Integer oT 0 to 20} 

0. m. p.XCH2-C6H4^.(CH2)nO-(CH2)„-CH=CH2, o. m. p^H3C(H)(X)-C6H4-0-(CH2)n-0.(CH2WCH=CH2. o. m, 

p-CH3CH2C(H)(X)-C6H4-0-(CH2)n-0-(CH2)™-CH=CH2. 

(In the above formulae, X represents chlorine, bromine or Iodine; n represents an integer of 1 to 20; m represents an 
Integer of 0 to 20) 

[0016] As the alKenyl group-containing organohalogen conipound, compounds of the general fomiuia (3) can also 
be mentioned. 



(wherein R*. R^, R7, rs and X are respectively as defined hereinbefore; R^^ represents a direct bond, -C(0)0- (ester 
group) , -C(0)- (keto group) or an o-, m-, or p-phenylene group) 

[0017] R^ represents a direct bond or a bivalent organic group of 1 to 20 carbon atoms (optionally containing 1 or 
more ether l^onds). When it is a direct bond, the vinyl group is bound to the carbon atom bonded to the halogen atom, 
that is to say \\\e compound Is an allyl halide. In this case, the carbon-halogen bond is activated by the adjacent vinyl 
group and, therefore. R"*^ need not necessarily to be a C(O)0 group, a phenylene group or the like but may be a direct 
bond. When R^ is not a direct bond, R^^ is preferably a C(0)0 group, a C(0) group or a phenylene group In order that 
the carbon-halogen bond may be activated. Preferably R'^^ represents a C(0)0 group, a C{0) group or a phenylene 
group. 

[0018] Specific examples of the compound of the general fonmula (3) include the following species: 
CH2=CHCH2X, CH2=C(CH3)CH2X, CH2=CHC(H) (X)CH3, CH2=C(CH3)C(H) {X)CH3, CH2=CHC(X) {CH^2> CHg^CHC 
(H) (XjCgHs, CH2=CHC(H) (X)CH(CH3)2. CH2=CHC(H) (X)C6H5, CH2=CHC(H) (XjCHgCeHg, CH2=CHCH2C (H) (X) 
-COgR, CH2=CH(CH2)2C(H) (X)-C02R. CH2=CH(CH2)3C(H) (X)-C02R. CH2=CH(CH2)aC(H) (Xj-COgR. 
CH2=CHCH2C(H) (X) -CeHg, CH2=CH(CH2)2C{H) (Xj-CeHg and CH2=CH(CH2)3C(H) (X)-C6H5 
(in the above fonnulae, X represents chlorine, bromine or iodine; R represents a ^'^^ aralkyl group) 

[0019] Specific examples of the alkenyl group-containing haiogenated sulfonyi compound mentioned above include: 
0-, m-, p-CH2=CH-(CH2)n-C6H4-S02X ando-, m-. p-CH2=CH-(CH2)n-0-C6H4-S02X 
(in the above fomiuiae, X represents chlorine, bromine or iodine; n represents an Integer of 0 to 20) 
[0020] The crossllnkable sllyl group-containing organohalogen compound mentioned above Is not particularly re- 
stricted but includes compounds having a structure represented by the general fomnula (4). for Instance. 



(wherein R^, R^, R^, R^. R9 and X are respectively as defined hereinbefore; R""^ and R^^^ach represents a C^.20 alkyl, 
aryl or aralkyl group or a triorganosiioxy group of the fomnula (R')3SiO-(where R' represents a univalent hydrocarbon 
group of 1 to 20 cartwn atoms and the plurality of R* groups may be the same or different) and two or more of R''^ and 
R''^ may be the same or different; Y represents a hydroxyl group or a hydrolyzabie group and two or more of Y groups, 
If it is the case, may be the 8£ime or different; a represents 0. 1 , 2 or 3; b represents 0, 1 or 2; m represents an integer 
of 0 to 19; provided, however, that the reiatton a + nib ^ 1 should be satisfied) 
[0021 ] Specific examples of the compound of the general formula (4) include the following species: 



XCH2C(0)0(CH2)„Si(OCHa)3. CH3C(H) (X)C(0)0(CH2)„Si(0CH3)3, (CH3)2C(H)C(0)0(CH2)„Si(OCH3)3, XCH2C(0) 
0(CH2)nSi(CH3)(OCH3)2.CH3C(H)(X)C(O)O(CHa)„Si(CH3)(OCH3)2, (CH3)2C(X)C(0)0(CH2)nSi(CH3)(OCH3)2. 



(in each of the above fonmulae, X represents chlorine, bromine or Iodine; n represents an integer of 0 to 20) 



XCH2C(0)0(CH2)„0{CH2)„SI(OCH3)3, H3CC(H)(X)C(0)0(CH2)nO(CH2)n,SI(OCH3)3, (H3C)2C(X)C(0)0(CH2)nO 
(CH2)mSi(OCH3)3, CH3CH2C(H) (X)C(0)0(CH2)nO(CH2)mSi{OCH3)3, XCH2C(0)0(CH2)nO(CH2)mSi(CH3)(OCH3)2, 
H3CC(H) (X)C(O)0(CH2)nO(CH2)„,Si(CH3)(0CH3)2, (H3C)2C(X)C(0)0(CH2)nO(CH2)„Sl{CHg)(OCH3)2, CH3CH2C(H) 
(X)C(O)0(CH2)„O(CH2)„Si(CH3)(0CH3)2, 

(in each of the above formulae, X represents chlorine, bromine or iodine; n represents an integer of 1 to 20; m represents 
an integer of 0 to 20) 

0, m, p-XCH2-CeH4-(CH2)2Si(OCH3)3, o, m. p-CH3C(H) (X)-C6H4-(CH2)2Si(OCH3)3, 0, m, p-CH3CH2C(H) (X) 
-C6H4-(CH2)2Si(OCH3)3, o, m, p-XCH2-C6H4-(CH2)3Si(OCH3)3, 0, m, p-CH3C(H) (X)-C6H4-(CH2)3Si(OCH3)3. 0. m. 
p-CH3CH2C(H) (X).CeH4-(CH2)3Si(OCH3)3, o, m, P-XCH2.CeH4-(CH2)2-O.(CH2)3SI(0CH3)3, o. m. p-CH3C(H) (X) 
-CeH4-(CH2)2-0-(CH2)3SI(0CH3)3. o. m. p-CH3CHaC(H)(X)-CeH4-(CHa)a-0-(CH2)3SI(OCH3)3, o. m, p-XCH2-CeH4- 



H2C=C(R*)-R®-C(R°) (X).R^°-R^ 



(3) 



R^R^C(X)-R®-R®-C(H)(R')CH2-[SI(R^^)2^(Y)bO],n-Si(R^\a(Y)a 
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ilTn^?*' formulae, X represents chlorine, bromine or iodine) 

(R")3-a CO aSi- [OSi (R^')j^ (Y) bU-CH2-C(H) (r')-R«.C(R«) (X) -R^'-r' (5) 
r-M rix c,^ ^l l^""®' °' «>'"PO"n«' include the following species: 

H0-{CH2)„-0C(0)C(H)(R)(X) 
H2N-{CH2)„-OC{0)C(H)(R)(X) 




(CH2)n— O 
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o,ni,p-X~~CH2*~"C6H4~'CH2'~"X 

CH3 CH3 CH3 CH3 

o.ni,p.X— CH-C6H4-CH— X o,Tn.p- x— C~C6H4— C X 

CH3 

(In the formulae, represents phenylene group. X represents chlorine, bromine or Iodine) 

H H CH3 CH3 

X— C— (CH2)i?-C X— C— (CH2)n-C ^X 

CO2R CO2R CO2R CO2R 

H H CH3 CH3 

X— C— (CH2)— C ^X X— C— (CH2)fr-C ^X 

ioR COR COR COR 

(In the formulae, R represents an alkyi group of 1 to 20 carbon atoms, an aryl group of 6 to 20 carbon atoms or an 
aralkyi group .of 7 to 20 carbon atoms, n represents an Integer of 0 to 20, X represenu chlorine, bromine or Iodine) 

CH3 CH3 

♦ I I 

X-CH2-C-CH2-X X-CH-C— CH-X X-C— C— C-X 

II III I II i 

O CHaP CH3 CH3O CH3 



X-CH-(CH2)n-CH-X 
(In the fonnulae, X represents chlorine, bromine or iodine, n represents an integer of 0 to 20) 



40 
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? ■ ° 

X— CH2-C-0-(CH2)h-0-C-CH2--X 

9 o CH3 

X— CH-C-0-(CH2)„-0-(J-CH— X 

9*^3 o o CH3 

I II II I 
X— C— C-0-(CH2)„-0-C-C ^X 

CH3 CH3 

(in the formulae, n represents an integer of 0 to 20. and X represents chlorine, bromine or Iodine) 
X-CH2-C~C-CH2-X f ^ 

CH3 CH3 ° o 

x—c — c— c—c — 

CH3 O O CH3 
ojnp- X-CH2-C-0-C6H4-0~C-CH2-X 

*j^*^3 O Q CH3 

o;n p- X— CH-C-0-C6H4-0~C-CH~X 

^*^3 0 o CH3 

o/np- X— C— C-0-C6H4-0-C-i ^X 

I I 

ojnp- X— SO2-C6H4-SO2-X 

rnol« ^ represents chlorine, bromine orlodine) 

ramLro^ixtsri^^^^^^ 

theelemenls./£stlllmorepr^rrredcaatite harl^nhLlS ^Ji ^' ®' ^^''^^ '^^'^ °' 

bivalent ruthenium, bivalem l~n orSCnlS?ii,^S^^ unh^alent copper. 
unlvalentcopper.tharecanbementloneZjBZsJLrn?^ ^ ! ^ "^P^®' complexes. As compounds of 
oxide, and^prous percSloSrjSojro^^^ 

derivative the^of. 11 O^Sn'roSe or aiSe Z!!! '"'^^ " "9^"'' 2.2'^,ipyridyl or a 
pentamethyldlethWenetJamlnerr^^^^ 
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valent ruthenium chloride trtstriphenylphosphlne complex (RuCyPPhajs) Is also a preferred catalyst. When a mthe- 
nlum compound Is used as the catalyst, an aluminum alkoxide Is added as an activator. Aside from the above, bivalent 
Iron bbtrlphenylphosphlne complex (FeCl2(PPh3)2). bivalent nickel blstrlphenylphosphlne complex (NICl2(PPh3)2), and 
bivalent ntekel blstributylphosphlne complex (NIBr2(PBu3)2) are also prefen-ed catalysts. 

[00291 The vinyl monomer which can be used for this polymerization Is not particularly restricted but Includes, for 
example, (meth)acryllc monomers such as (meth)acrylic acid, methyl (meth)acrylate, ethyl (meth)acrylate, n-propyl 
(meth)acrylate. isopropyl (meth)acrylate. n-butyl (meth}acrylate. Isobutyl (meth)acrylate. tert-butyl (meth)acrylate. n* 
pentyl (meth)acrylate. n-hexyl (meth)acrylate, cyclohexyl (meth)acry!ate, n-heptyl (m0th)acrylate, n-cctyl (meth)acr- 
ylate, 2-ethylhexyl (melh)acrylate, nonyl (meth)acrylate, decyl {meth)acrytate, dodecyl (math)acrylate, phenyl (meth) 
acrylate, toluyl (meth)acrylate, benzyl (meth)acrylate, 2-methoxyethyl (meth)acrylate. 3-methoxybutyl (meth)acrylate, 
2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate, stearyl (meth}acryiate. glycldyl (meth)acrylate. 2-ami- 
noethyl (meth)acrylate. 7- (methacryloyloxypropyl)trimethoxysllane. (meth) acrylic acld-ethylene oxide adduct, trifluor- 
omethylmethyl (meth)acfylate, 2-trifluoromethylethyl (meth)acrylate, 2-perfluoroethyIethyl (meth) acrylate. 2-perfluor- 
oethyl-2-perfluorobutylethyl (mBth)acrylate, 2-perfluoroethyl (meth)acrylate. pertluoromethyl (meth)acrylate, dlper- 
fluoromethylmethyl (meth)acrylate, 2-perfluoromethyl-2-perfluoroethylmethyl {meth)acrylate, 2-pertluorohexylethyl 
(meth)acrylate, 2-periluorodecylethyl (meth)acrylate, 2-perfluorohexadecylethyl (meth)acrylate, etc.; styrenic mono- 
mers such as styrene, vinyltoluene. a-methylstyrene, chlorostyrene, styrenesulfonlc acid and Its salt, etc.; fluorine- 
containing vinyl monomers such as perfluoroethylene, perfluoropropylene, vinylldene fluoride, etc.; silicon-containing 
vinyl monomers such as vinyltrimethoxysilane. vinyltriethoxysilane, etc.; maleic anhydride, maleic acid, monoaikyi and 
dlalkyl esters of maleic add; fumarlc acid, monoaikyi and dialkyi esters of fumarlc acid, etc.; maielmlde monomers 
such as maielmlde, methylmalelmide, ethylmaleimlde, propylmaleimlde, butybrialelmlde, hexylmaleimlde, octylmale- 
Imlde, dodecylmalelmlde, steaiylmalolmlde, phenylmalelmlde. cydohexylmalelmlde, etc.; nitrile-contalning vinyl mon- 
omers such as acrylonltrile, methacrylonltrile, etc.; amWo-containlng vinyl monomers such as acrylamlde, methacry- 
lamlde. etc; vinyl esters such as vinyl acetate, vinyl propionate, vinyl pivalale, vinyl benzoate, vinyl dnnamate, etc.; 
alkenes such as ethylene, propylene, etc.; conjugated dienes such as butadiene, iscprene, etc.; vinyl chloride, vinyll- 
dene chloride, atlyl chloride, allyl alcohol and so forth. These may be used each alone or a plurality of them may be 
copolymerlzed. In consideration of the physical characteristics of the product, styrenic monomers and (meth)acryllc 
monomers are partlculariy prefen-ed. More preferred are acrylate monomers and melhacrylate monomers; partlculariy 
more preferred are acrylate monomers; and still more preferred is butyl acrylate. in the present Invention, any of these 
prefen'ed monomers may be copolymerlzed with other monomers and even block-copolymerlzed, and in such cases 
the preferred monomer preferably accounts for at least 40% by weight of the copolymer. In the mode of expression 
us^d In this specification, (m6th)acryllc add means acrylic acid and/or methacryllc acid. 

[0030] The polymerization reaction can be carried out In the absence of a solvent but may be carried out In varbus 
solvents. The kind of solvent which can be used Is not partteuiariy restricted but Includes hydrocarbon solvents such 
as benzene, toluene, etc.; ether solvents such as diethyl ether, tetrahydrofuran, diphenyl ether, anisole, dlmethoxy- 
benzene, etc.; halogenated hydrocartDon solvents such as methylene chloride, chlorofonm.chlorobenzene, etc.; ketone 
solvents such as acetone, methyl ethyl ketone, methyl isobutyl ketone, etc.; alcohol soh/ents such as methanol, athanol, 
propanoi. Isopropyl alcohol, n-butyl alcohol, tert-butyl alcohol, etc.; nitrile solvents such as acetonltrile, proplonltrile, 
benzonltrile, etc.; ester soh/ents such as ethyl acetate, butyl acetate, etc.; carisonate soh^ents such as ethylene car- 
bonate, propylene cartsonate, etc.; and amide solvents such as N,N-dimethylfonTiamlde, N,N-dlmethylacetamide. etc.; 
among others. These may be used each alone or two or more of them may be used In combination. The polymerization 
may also be carried out In an emulsion system or a system using supercritical fluid CO2 as the medium. 
[0031] Though not limited, the polymerization reaction can be conducted In the temperature range of 0 to 200 °C, 
preferably at a temperature from room temperature to 150 "^C. 

Vinyl pohmier 

[0032] The vinyl polymer of the present Invention is now described In detail. 

[0033] The vinyl polymer is not particularly restricted but preferably is produced by the atom transfer radical polym- 
erization of a vinyl monomer. THe vinyl monomer mentioned above is not particularly restricted but those monomers 
mentioned hereinbefore by way of example can be employed. These vinyl monomers may be used each alone or a 
plurality of them may be copolymerized. In consideration of the physical characteristics of the product, styrente mon- 
omers and (meth)acryllc monomers are partlculariy prefen'ed. More prefen-ed are acrylate monomers and methacrylate 
monomers; partlculariy more preferred are acrylate monomers; and still more prefen-ed Is butyl acrylate. In the present 
Invention, any of these preferred monomers may be copolymerized with other monomers and even block-copotymer- 
Ized. and in such cases such prefen-ed monomers preferably account for at least 40% by weight of the copolymer. 
[0034] The molecular weight distribution, that Is to say the ratio of number average molecular weight to weight av- 
erage molecular weight as detemrilned by gel penmeatlon chromatography, of the vinyl polymer Is not partlculariy re- 
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acterlstlcs of vinyl polymers wl not b^ Z^J^^ l I "^"'^^^'^f w»'9ht is too low. the inherent char- 

[00361 ThevlnypoKXhaleVScSnS 

group may oxistat whichever of the sWeSal^rtSrainZn t^^ ' *«reacth,efunctlonal 

ularty fBstricted but includes alkenvi hwdmJ^i 1«. chain terminus. TTie reacOve functional group Is not partlc- 
bond. among othe^T e^aStrfS^S^ POlymeri.abla ca*on<a,bon double 

step or more steps. For eSe in Jheres^tleln ^ ° ' f''^"' 9''*'"^ 
transformed so a7to g^,a anTen rnSg^ J^^^^^^^^^^^^ " "^"'^ '""''"""^ -^droxyl can be 



Alksnyl-containinq vinyl polymar 
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having « ttasl on. >S^^Z^^Tr,X^^^,^TT°"- ' P"*™.' 

curing agem, c««lnldrg (alZKo gTv* ^K^S ' '"""""^ns compound M a 

l^fl T^«'«»«~P-n,a,n,ng,,n,,p.^canb.p,«,uc«,.,«eaJ«„«,™,«,,p«,^ 

Sf ^" '"^'^^ sroup containing 1 to 20 carbon atoms) 

Satrrera^icr^p^ritrr^:^^^^^^^^^ 

Speclfical^, the following group'sryt'Ztloned ^ " ''^ ' '° ^° 

So^'=~:^r^ 

Sa'^^irChTcT^^^^^^^^ 
It IS preferred that attelsto'e^ftaT^^^^^^ 

crosslink molecular weight which consldSv Xt! mh^^^^^ " ^l^^ Inter- 

all alkenyl groups exist at t^rrJolSui^^^^^^ 
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(A-a) A process which, In synthesizing a vinyl polymer by atonfi transfer radical polymerization, comprises reacting 
a compound having both a polymerizable alkenyl group and a sparingly potymerizable alkenyl group par molecuta, 
such as a compound represented by the following general fonnula (9}» as a second monomer 

^ H2C«C(R^*)-R"-R^^-C(R">=CH2 (9) 

(wherein R'''* represents hydrogen or methyl; R^^ represents -C(0)0- or an o-. m-, or p-phenylene group; R^^ 

represents a direct bond or a bivalent organic group of 1 to 20 carbon atoms whk:h may optionally contain 1 or 
*o more ether bonds; R^^ represents hydrogen or an organic group of 1 to 20 carbon atoms) 

Referring to the above general fonnula (9), R^^ is hydrogen or an organic group containing 1 to 20 carbon 

atoms . The organic group containing 1 to 20 carton atoms Is not particularly restricted but Is preferably an alkyi 

group of 1 to 20 carison atoms, an aryl group of 6 to 20 carbon atoms or an araikyi group of 7 to 20 carbon atoms. 

Specifically, the following groups, among others, may be mentioned: 
15 - (CH2),-CH3. .CH{CH3)-(CH2)n-CH3, -CH(CH2CH3).{CH2)„-CH3, -CHiCH^CH^)^, -C(CH3)2-(CH2)„-CH3, ^CH3) 

(CH2CH3)-(CH2)n-CHa, -Cs^s* ■C6Hs(CH3), -CsH5[CH3)2» -(CH2)n-CBH5, "(CH2)n"C6H5(CH3), - (CH2)n-C6H5 

(CH3)2 

(n represents an Integer of 0 or more; the total number of carton atoms In each group is not more than 20} 
Among these groups, hydrogen and methyl are prefen'ed for R''^. 
20 The timing of reacting said compound having both a polymerizable alkenyl group and a sparingly polymerizable 

atkeny i group per molecule Is not particularly restricted but when the cured product available from the vinyl polymer 
Is required to have rubber-like properties, this second monomer is preferably caused to react in a tenminal stage 
of polymerization reaction or after completion of the reaction of the primary monomer. 

(A-b) A process which, In synthesizing a vinyl polymer by atom transfer radical polymerization, comprises reacting 
25 a compound having at least two sparingly polymerizable alkenyl groups, such as 1 , 5-hexadlene. 1 , 7-octadlene 
or 1 , 9-decadlene, In a terminal stage of polymerization reaction or after completion of the reaction of the primary 
monomer. 

(A-c) A process In which a vinyl polymer having at least one highly reactive carbon-halogen bond at the molecular 
chain terminus as obtainable by atom transfer radical polymerization is reacted with an alkenyl group-containing 
^0 organometal compound such as allyltrlbutyltln. allyitiioctyltln or the like to substitute for the halogen. 

(A-d) A process in whbh a vinyl polymer having at least one highly reactive carbon-halogen bond at the molecular 
chain tennlnus as obtainable by atom transfer radical polymerization Is reacted with a stabilized cartanlon having 
an alkenyl group, such as the one represented by the following general fomiula (10) to substitute for the halogen. 

^ M''c*(R^®)(R^Vr^-C(R^^)=CH2 (10) 



(wherein R^^ is as defined above; R"'^ and R^^ each represents an electron-attracting group stabilizing the car- 
banion C" orone of R^^and R"*® represents such an electron-attracting group with the other representing a hydrogen 
atom, a C^.^i^ alkyi group or a phenyl group; R^^ represents a direct bond or a bivalent organic group containing 
1 to 1 0 carbon atoms, whbh may optionally contain one or more ether bonds; M*^ represents an alkali metal ion 
or a quaternary ammonium ion) 

The electron-attracting group for R^^ and R^^ includes -CO2R (ester group) , -C(0)R (ketogroup), -C0N(R2) 
(amide group) , -COSR (thioester group), -CN (nitrite group), -NOg (nitro group) and so forth, although -CO2R, -C 
(0)R and -CN are particularly preferred. The substituent R is an alkyi group of 1 to 20 carbon atoms, an aryl group 
of 6 to 20 carbon atoms or an araikyi group of 7 to 20 carton atonns, preferably an alkyi group of 1 to 10 carbon 
atoms or a phenyl group. 

(A-e) A process In whteh a vinyl polymer having at least one highly reactive carbon-halogen bond at the tennlnus 
thereof as obtainable by atom transfer radical polymerization Is treated with an elemental metal, e.g. zinc, or an 
organometal compound to give an enolate anion which Is then reacted with an alkenyl group-containing electrophillc 
compound, for example an alkenyl group-containing compound having a leaving group such as halogen or acetyl, 
an alkenyl group-containing cartonyl compound, an alkenyl group-containing Isocyanate compound, an alkenyl 
group-containing acid hallde or the like. 

(A-f) A process in whteh a vinyl polymer having at least one highly reactive carbon-halogen bond at the terminus 
thereof as obtainable by atom transfer radical polymerization Is reacted with an alkenyl group-containing oxoanlon 
or carboxylate anion such as the one represented by the following general formula (11 ) or (1 2) to substitute for the 
halogen. 
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H2C-C(R")-r2'^-M* 



ether bonds) 

(12) 



H2C=C(H").r22.c(0)0-M* 



Plena compound addition [Process (A-b)] • 

Ci.^ alkyi group, a C^.^ an^l group ora C,.^ aralkyi group. Among these, hydrogen or methyl is particulaSy preW 

roSI?l Mr!»ilr"''f ^'^"^ ^ '^^ S'-'^P^ -"^y "ave been conjugated 

0051 1 Specific examples of the diene compound Include, for example. Isoprene, piperylene butadiene mvLne 

iisiSSnT^;^^^^^^^ 

[00521 ."^.^^''ief'vealkenyi-terminatedvinylpolymermaybeobtalnedbysubjectingavin^ 

compound to radica react-on. However, the procedure of adding the diene compound to the polymLation re^^^on 

sfno^nt of the diene compound is preferably adjusted according to the radical reaotivitv of the 
th/Zi"C H ^ "^^ae difference in reactivity between the tS^o l^njl^™ 

the amount of the d.ene compound relative to the polymer growing terminus may be only equimolar or a sr^ I excTs 
but when there .8 no differenceor only aemalldiff^^^^ 

Nucleophiiic substitution [Process (A-Ql 

Cn SndTo'^f (A-n IS Characterized in that a vinyl polymer having at least one highly reactive terminal cart>on- 
l^rJtTj, Po^merization is reacted with an alkenyl group-conta nlSg ol- 

oanion or carboxylate anion for substitution for the hatogen. h ^'onutming ox 

SJS .hI'LSif 9™"P'=°"i='"'"9 or carboxylate anion is not particulariy restricted but includes, among 

others, the anions represented by the following general formulae (11) and (12), respectively. ^ 

H2C=C{R^').R«^0-M^ 

(Wherein Rir and M* are as defined- above; R2i represents a bivalent organic group of 1 to 20 carbon atoms which 
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may optionally contain 1 or more ether bonds) 

H2C=.C(R^^)-R^.C(0)0M* (12) 

5 

(wherein R''^ and M* are as defined above; R22 represents a direct bond or a bivalent organic group of 1 to 20 carbon 
atoms which may optionally contain 1 or more ether bonds) 

[0056] As spedric examples of the oxoanion or cartx>xyiate anion, there can be mentioned: the basic compound 
including ammonia; ailcylamines such as trimethyiamine, triethylamine, tributylamine, etc.; polyamines such as tetram- 
'0 ethylethylenediamine, pentamethyldlethylenetriamine, etc.; and pyridine compounds such as pyridine, picoiine, etc., 
among others. 

[0057] The amount of use of the basic compound relative to the precursor compound Is equlmolar to a smalt excess, 
preferably 1 to 1 ,2 equivalents. 

[0056] The solvent for use In reacting said precursor compound with said basic compound includes, for example, 
f5 salts of allcenyl alcohols such as ailyl alcohol; salts of ailyloxy alcohols such as ethylene glycol monoailyl ether; salts 
of ail(enyl-contalning phenolic hydroxy compounds such as allytphenol. ailyloxyphenol, etc. ; salts of alkenyl-contalning 
carboxyiic adds such as 10*undecylenic acid, 4-pentenoic acid, vinylacetic acid, etc.; among others. 
[0059] represents a counter cation and Indudes, for example, alkali metal Ions such as lithium ion, sodium ion 
and potassium Ion and quaternary ammonium tons. The quaternary ammonium ions include tetramethylammonlum 
20 Ion, tetraethylammonlum ion, tetrabenzylammonlum Ion, trimethyldodecylammonium ion, tatrabutylammonium ion and 
dimethyipyperldlnium Ion. The preferred Is sodium Ion or potassium ion. 

[0060] The amount of use of the oxoanion or carboxyiate anion need only be an excess over the halogen and pref- 
erably 1 to 6 equh/alents, more preferably 1 to 2 equivalents, still more preferably 1 .0 to 1.2 equivalents. 
[0061] The solvent which can be used for this reaction la not particularly restricted but Is preferably a solvent of 

25 comparatively high polarity. Thus, for example, there can be mentioned ether solvents such as diethyl ether, tetrahy- 
drofuran, diphenyl ether, anisole, dimethoxybenzene, etc.; hatogenated hydrocarbon solvents such as methylene chlo- 
ride, chloroform, etc.; ketone soh/ents such as acetone, methyl ethyl ketone, methyl isobutyl ketone, etc.; alcohol sol- 
vents such as methanol, ethanol, propanol, Isopropyl alcohol, n-butyl ateohoi, tert-butyl alcohol, etc.; nitrlle solvents 
such as acetonitrite, propionitrile, benzonitrile, etc.; ester soh/ents such as ethyl acetate, butyl acetate, etc.; carbonate 

30 solvents such as ethylene carbonate, propylene carbonate, etc.; amide solvents such as N.N-dlmethyifonnamide, N, 
N-dlmethyiacetamide, etc.; and sulfoxide solvents such as dimethyl sulfoxide and the like. These can be used each 
slope or two or more of them may be used in admixture. Among the above solvents, polar solvents such as acetone, 
dimethyl sulfoxide, N,N-dlmethylformamlde, N,N-dlmethylacetamlde, hexamethylphosphorlctrlamlde, acetonltriie, etc. 
are preferred. The reaction temperature is not restricted but is generally 0 to 150 **C, preferably room temperature to 

35 100 "C, 

[0062] As a reaction promoter, an amine, an ammonium salt, a crown ether or the like nnay be added to the reaction 
system. 

[0063] Instead of using the oxoanion or carboxyiate anion, the precursor alcohol or carboxyiic acid may be caused 
to react with a base in the reaction system to give the oxoanion or carboxyiate anion. 
40 [0064] When an ester group exists either in a side chain or in the main chain of the vinyl polymer, an oxoanion which 
Is highly nucleophllic may induce an ester interchange. Therefore, it is preferred to employ a carboxyiate anion which 
Is low In nucleophllic. 

Conversion of hydroxyi to alkenyl 

45 

[0065] A vinyl polymer having at least one alkenyl group can also be obtained from a vinyl polymer having at least 
one hydroxyi group and, for this purpose, any of the following alternative processes can be employed, although these 
ere not exclusive choices. 

50 (A-g) Aprocess which comprises pemnlttlng a base such as sodium methoxide to act on the hydroxyi group of a 

vinyl polymer having at least one hydroxyi group, and further reacting the polymer with an alkenyl group-containing 
halide such as allyl chloride. 

(A-h) A process which comprises permitting an alkenyl group-containing isocyanale compound such as allyl Iso- 
cyanate to react with the hydroxyi group of a vinyl polymer having at least one hydroxyi group. 
(A-l) A process which comprises causing an alkenyl group-containing add halide such as (meth)acryloyl chloride 
or 10-undecenoyl chloride to react with the hydroxyi group of a vinyl polymer having at least one hydroxyi group 
In the presence of a base such as pyridine. 
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In"rt Ihlr"^ "^^^ comprises reacting a vinyl polymer having a hydroxyl group with a dllaocyanate comDound 
and then causing a compound having both an alkenyl group and a hmitlarouD^ ,^ 

rM871 Fnr 8^««ln „fT? them may be used in combination. Blocked isocyanates may also be employed 
Synthesis of h ydroxy) aroup-contalnlna vinyl poiywar 

fc2Lnn?„HT?'l^'!u "^"^'^^^'^'"9 «vlnyl polymer by atom transfer «dlcal polymerization, comprises reactlna 

H2C=C(R^*)-R^».r".0H ^^si^ 
(wherein Rl4 R15 and R« are as defined hereinbefore) 

inliif/T"?^.''!"'"'' u ^^"thesizlng a vinyl polymer by atom transfer radical polymerizaUon comprises reaclina 

«ei«T« ' T. ^-^-^^n^' alcohol, in a teSniSS stage o meTK^eS^n 

reaction or after completion of the reaction of the primary monomer. poiymenzation 

(B-f) A process In which a halogen atom of a vinyl polymer having at least one hishiv reactive caibanJiaio»on 

'e-inua thereof as obtainable by atom transfer radJ polymerizrnl hy^-SS 
?B a?Sr«Tr"'"' compoundto Introduce a hydroxyl g«>up into the polymer tLlS^ 
It tfe teS^ Se^of «?«r Tk^ ''''"^ •^'^^'^ carbon-halogen bond 

llZtee^J^Z^l^^^ ^ Po'l^^^i^^f ^" a hydroxyl group^ontaining 

stabflteed carbanlon such as the one represented by the following general fomiula (16) for substilStlon for the 

M*C-(R«)(R«).R«>.OH (16) 

(wherein R18, ri9 ^nd Rao are respectively as defined hereinbefore) 

The electron-attracting group for R18 and R18 includes -CO2R (ester group) . -C(0)R (ketoorouo^ -CONrR,^ 

•C(0)R and -CN are especially praferrad. The substituent R is an alky! group of 1 to 20 carbon atoms an i« 

=n^ro°rpr;Cp°^- 

ttl'^ '"k^u" ^ ""y' """'"3 carbon-halogen bond at the temiinus 

Tn ™,^pS'r ' ^I*"" P^ly^^^^^ao" t««ed with en elemental metal s^ch L^r o; 

an organometa compound to gK« an enolate anion whfch is then reacted with an akJehyde or a keton^ 
(B-O A process in which a vinyl polymer having at least one highly reactive ca^on-halo^en Ld i Ztemiinus 
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thereof as obtainable by atom transfer radical polymerization Is reacted wim a hydroxyl group-containing oxoanlon 
or carboxylate anion such as the one represented by the general formula (17) or (Id)forsubstitutlon for the halogen. 

HO-R^^-O'M* (17) 

(wherein R^^ and are respectively as defined hereinbefore) 

H0-R^-C(0)O'M* (18) 



(wherein R^s and are respectively as defined hereinbefore) 

Referring to M+ reaction conditions, soh^ent and other reaction parameters, those mentioned In the description 
01 (A-f) can all be used with advantage. 

(B-J) A process which, In synthesizing a vinyl polymer by atom transfer radical polymerization, comprises reacting 
a compound having both a sparingly polymerlzable alkenyl group and a hydroxyl group per molecule thereof as a 
second monomer in a temilnai stage of the polymerization reaction or after completion of the reaction of the primary 
monomer The compound mentioned Just above is not particularly restrlrted but Includes the compound represent- 
ed by the following general formula (19). 



H2C=C(R^^).R^^-0H (19) 

(wherein R^"^ and R^t are respectively as defined hereinbefore) 

The compound represented by the above general fomiula (1 9) Is not particularly restricted but from availability 
points of view, an alkenyl alcohol such as 1 0-undecenol, 5-hexenol or aiiyi alcohol is preferred. 

[0069] Am ong the synthetic processes (B-a) through (B-J), the processes (B-b) and (B-l) are pref en-ed in view of the 
ease of control. 

Treatment with oxidizing agent 

[0070] The treatment with an oxidizing agent is now described in detaii. The purification technology according lo the 
Invention Is characterized in that an oxidizing agent Is brought Into contact with a vinyl polymer. The treatment with an 
oxidizing agent according to the Invention is also a method for purification of a vinyl polymer for use as a component 
of a hydrosilylatabie composition. This purification technotogy can also be applied to vinyl polymers produced by tech- 
niques other than atom transfer radical polymerization. 

[0071 ] The oxidizing agent for use in this purification method is now described, although these are merely illustrative 
and by no means exhaustive. ... 

(C-a) Heavy metal-containing compounds: specifically manganese dioxide; pennanganates such as sodium per- 
manganate, potassium pemnanganate, etc.; manganese salts such as manganese acetate, manganese sulfate, 
manganese pyrophosphate, etc.; chromium trioxide; dichromates such as sodium dichromate, potassium dichro- 
mate, ammonium dichromate, etc.; chromyl chtoride; t-butyl chromate; chromyi acetate; lead tetraacetate; lead 
oxide; mercury acetate; mercury oxide; osmium telraoxide; ruthenium tetraoxide; selenium dioxide; etc. can be 
mentioned. 

(C-b) IHalogens and halogen compounds: speclfteally halogens such as chlorine, bromine, iodine, etc.; and Inter- 
halogen compounds such as chlorine fluoride, chlorine trifluorlde, bromine trlfluorlde, bromine pentafluorlde. bro- 
mine chloride, Iodine chloride, etc. can be mentioned. 

(C-c) Nitrogen oxide-containing compounds: specifically nitric add; nitrates such as sodium nitrate, potassium 
nitrate, ammonium nitrate, etc.; nitrites such as sodium nitrite, potassium nitrite, etc.; and nitrogen oxide such as 
dinitrogen oxide, dlnltrogen trioxide, nitrogen dioxide, etc. can be mentioned. 

(C-d) Halogen/oxygen-contalning compounds: specifically chlorine dioxide; perhallc adds such as perchloric acid, 
perlodicacld, etc. ; chlorates such as sodium chlorate, potassium chlorate, ammonium chlorate, etc.; perchiorates 
such as sodium perchlorate, potassium perchlorate, ammonium perchlorate, etc.; chlorites such as sodium chlorite, , 
potassium chloride, etc.; hypochlorites such as sodium hypochlorite, calcium hypochlorite, etc.; bromates such as 
sodium bromate, potassium bromate, etc. ; iodates such as sodium iodate, potassium lodate, etc.; and periodates 
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such as sodium perlodate. potassium pertodate. etc. can be mentioned 

oxygen/ozone (C-h) are still m?re prefer^ ^ * "^^^S^" P«'«^<*« "« ^derivatives (Cg) and 
[0074] The vinyl polymer may be contacted With the o*iHbinnQ«»-«i-«. 

a solvent. The solvent for dlluflon may^ aw of th/^^JflT^^^^ w«ti 

oxidizing agent is net particularly reS S^^S . SZT ''T'''''' °^ ^ 

a temperature from room temperature to ^00■'T■Z^lf^Z^^^ ° ^° ^00 -C. preferably at 

500 parts by weight relative to 100 parts tZ^m ^S^Zli l^^^^ from 0.01 to 

view^the range of 0.05 to 1 0 parts by weight on slJ^e SlKferSS "^'"^ 

soiw-iiquld separation are carried outraJchre buUir^^^^^^^^ 'J^'^'^'r """^ '^'^'"S 
through a bed packed with the oxidizina 806^! mlfn^hl?^ "^^^^ P«'y™«^ """Ion le passed 

bed Of the oxidizing agent. oraSSd^ditrr^^^^^ 

with a liquid. Furthermore, where necessan, In SfSoTtoL ? " "* *® "'"'^'^'"S agent fluidlzed 
the vessel, uttrasonication and othe^^XX LnhL^^^^^^^ T'^T'!' »' 
[00761 After contact of the polymer or SvmX iirn w^^^ m?, ^''"'^""^ ''^ P'^^d- 
filtration, centrlfugation. sedlrSertiror^eTe p^^^^^ ^^ent Is removed by 

to give the objective clear polymer sZton ' '^'^ "^"^"^ ''^ '^""«<'n and aqueous rinse. 

SaTLhrc:ir,;::r^^z^^^^^ 

atom transfer radical polymerization as an «!mS tK, , ® " 9''°"P-contalnlng vinyl polymer obtained by 

the ,.nyl polymer ha>;ngThXrei";S^ as-t can ^sc'be carriedo^JS 

like, whteh is a pnxluctlon Intermediate of SHJ ' ^ Sroup-contalnlng vinyl compound or the 

with the oxidizing agent, the oxldi^ina ^ «h h ^" In conjunction 

the.^rebrouyintocont:S:Se%rrrh:^^^^^ 

Treatment with reducln p atyant 

reducing agent of the invention Is aLTa mlTSr p^^^^^^^ 

llylatable composition. This purWIcaHon method m^v rL^n,!^^^^ ^^""^ « component of a hydros- 
atom tmnsfer radical polymerlzatSias weT ^'^ P™^**' than 

!Sg2^;rniiiu^r«^^^ 
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with mercury (amalgams) . 

(D-b) Metal hydrides: specifically, sodium hydride; germanium hydrkJe; tungsten hydride; aluminum hydrides such 
as dllsobutylalumlnum hydride, lithium aluminum hydride, sodium aluminum hydride, sodium triethoxyalumlnum 
hydride, sodium bla(2-methoxyethoxy)alumlnum hydride, etc.; and organotin hydrides such as triphenyltin hydride, 
5 tri-n-butyltin hydride, diphenyltin hydride, dl-n-butylt!n hydride, triethyltin hydride, trimethyldn hydride, etc. can be 
mentioned. 

(D-c) Silicon hydrides: specifically trichlorosllane. trimethylsilane, triethylsilane. diphenylsllane, phenylsllane, 
polymethylhydroxysllane. etc. can be nnentloned. 

(D-d) Boron hydrides: specifically borane, diborane, sodium borohydride, sodium trimethoxyborate hydride, sodium 
10 sulfide borohydride, sodium cyanide borohydride, lithium cyanide borohydride. lithium borohydride, lithium triethyl- 
borohydride, lithium tri-s-butylborohydride, lithium tri-t-butylborohydride, calcium borohydride, potassium borohy- 
dride, zinc borohydride, tetra-n-butylammonium borohydride, etc. can be nrtentloned. 
(D-e) Nitrogen hydrides : specifically hydrazine, dllmide, etc. can be mentioned. 

(D-f) Phosphorus compounds: speclfically phosphine, irlmethylphosphlne, triethylphosphlne, trlphenylphosphine, 
15 trimethyi phosphite, triethyl phosphite, triphenyl phosphite, hexamethyiphosphorous triamlde, hexaethylphospho- 
rous triamlde, etc. can be mentioned. 
(D-g) Hydrogen 

(D-h) Aldehydes: specifically formaldehyde, acetaldehyde, benzaldehyde, fomilc add, etc. can be mentioned. 

(D-i) Sulfur 

20 (D-J) Rongalit: Rongallt Is a sulfoxylate formaldehyde derivatives of the fonnula iVIS02'CH20 and speclflcally In- 
cludes sodium fomnaldehyde sulfoxylate, zinc fonnaldehyde sulfoxylate, etc. 

(D-k) Hydrosulfite: hydrosulflte Is a generic term denoting sodium hyposutflte and sodium hyposuiflte formaldehyde 
derivative. 

(D-1) Thiourea dioxide. 

25 These may be used each alone or two or more of them may be used in combination. From the standpoint of 

ease of handling and ease of removal of the reducing agent after polymer treatment, the reducing agents from 
Rongallt (D-J) through thiourea dioxide (D-1 ) are preferred. 

[0081 1 The vinyl polymer may be contacted with the reducing agent in the absence of a solvent or under dilution with 

30 a solvent. The solvent for dilution may be any of the common solvents. The temperature of this treatment with an 
reducing agent Is not partlcularty restricted but the treatment Is carried out generally at 0 to 200 **C. preferably at 
a temperature from room temperature to 1 00 *C. The amount of use of the reducing agent may range from 0.01 to 500 
parts by weight relative to 100 parts by weight of the vinyl polymer but from economic and workability points of view, 
the range of 0.05 to 10 parts by weight on the same basis Is preferred. 

ss [Q082] When the reducing agent is a solid, the solid-liquid contact between the reducing agent and the polymer or 
polymer solution can be achieved in various modes. Thus, not only a batch system where agitation for mixing and 
solid-liquid separation are carried out batchwise but also a fixed-bed system in which the polymer solution is passed 
through a bed packed with the reducing agent, a moving-bed system In whteh the solution Is passed through a moving 
bed of the reducing agent, or a f luldlzed-bed system In which the reductton Is effected with the reducing agent f luldlzed 

40 With a liquid. Furthermore, where necessary, In addition to the mixing and dispersing under agitation, the shaking of 
the vessel, ultrasonlcation, and other procedures for enhancing the dispersion efficiency can be practiced. 
[0083] After contact of the polymer or polymer solution with the reducing agent, the reducing agent is removed by 
flltrallon. centrif ugatlon. sedimentation or the like procedure, where necessary followed by dilution and aqueous rinse, 
to give the objective clear polymer solution. 

45 [0084] The treatnfient with the reducing agent may be carried out on the end product vinyl polymer or on an Interme- 
diate In the course of production of the vinyl polymer. Taking an alkenyl group-containing vinyl polynrwr obtained by 
atom transfer radical polymerization as an example, this treatment with an reducing agent can also be carried out on 
the vinyl polymer having a highly reactive cartDon-halogen bond, a hydroxyl group-containing vinyl compound or the 
like, whk:h is a production intermediate of said vinyi polymer. 

50 [0085] Furthemiore. activated carbon or an adsorbent, which will be described hereinafter, can be used In combina- 
tion with said reducing agent. When the treatment is carried out using activated carbon or an adsorbent in conjunction 
with the reducing agent, the reducing agent maybe admixed with the activated cartoon or adsoriaent In advance and 
the mixture brought into contact with the polymer but the two materials nnay be contacted In Independent steps. 

55 Adsonation treatment 

[0086] The adsorption treatment Is now described In detall. . 

[0087] Activated cartxn Is a charcoal which Is mostly cartsonaceous and highly absoriDent. The production technology 
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and Whichever can be used. Chemlcallv actlvat^ irh^^ '^'^«*«*"»*<"' usually powdery or granular 

used. While 8tea«,.activaledSSS^11o4^^^^ 

adsorbent is particularly preferred ^ coniblnatlon with an Inorganic 

«> 100901 ThelnorBanlc?dso*e7hasTe^^^^^^ 

aiumlnum silicate; aS^^d aZna X tvL S magnesium oxide; silica gel. sllica-alumina. 

mill] ^T°"^^!f ^^f"""'® "^""^ both may be used. 

iStlctrd°n"Xra?erH^^ S^?' l".' r''^'"'- 9-cies as well as 

limited to the BWMoaM ^^L^ ^ T """^ " P^'^^^'^- 8l"«n dioxide includes but Is not 

Silicas suc?L cSi^oT(L;Ss3^^ ^''^'^^^ ^-^y synthetic 

such known substances as pumlce flmh IcTolirbemo^^^^^^ ^'"'"'"um and Includes 

parts by weight relative to 1 00 parts by weight of the v^^lfTolvlfh^^tl "^^^ "^^^ 5°° 

th^rangeof O^to lOpartsbyLghfinTs^^^^^^^^^^ 

give the objective clear polymer solution necessary followed by dilution and aqueous washing, to 

[01001 The adsorption treatment may be carried out on the end p«xluct vinyl polymer or on an Intem^dlate In the 
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course of production oT said vinyl polymer. TaWng an alKenyl group-containing vinyl polymer obtained by atom transfer 
radical polymerization as an example, this adsorption treatment can also be canied .out on the vinyl polymer having a 
highly reactive carton-halogen bond, a hydroxyl group-containing vinyl compound or the like, which Is a production 
Intemiediate of said vinyl polymer. 



Hydrosllylatable composition 

[0101 J The hydrosllylatable composition of the Invention comprises the vinyl polymer which has been subjected to 
the above-described adsorption treatment. 

[01021 The hydrosllylatable composition of this Invention may for example comprise (A) an alkenyl group^ontalnlng 
vinyl polymer and (B) a hydrosllyl group-containing compound. 

[01031 The vinyl polymer mentioned as component (A) Is an alkenyl group-containing vinyl polymer obtained by the 
atom transfer radical polymerization technique described above and the specific polymers already mentioned can be 
employed. The hydrosllyl group-containing compound as component (B) Is not partteulaiiy restricted but various species 
can be employed. For example^ compounds having at least 1,1 hydroxysllyl groups per molecule and hydrosllane 
compounds additionally having a crosslinkable eltyi group can be mentioned. Some specitic hydrosllylatable compo- 
sitions are described below. 

<Hydrosilylatable composition (1)> 

[01041 When the component (B) Is a compound having at least 1 .1 hydrosllyl groups per molecule, the composition 
gives a cured product on hydrosliylatlon. Thus, this hydrosllylatable composition Is a curable composition (curable 
composition (i)). 

[01051 The compound having at least 1 .1 . hydrosllyl groups per molecule is not partlcularty restricted but Includes 
such compounds as the linear polysiloxane represented by the general fonmula (22) or (23): 



Rf SIO- [Si(R^^)20V [SI (H) (R^^)Olb- [SICR^"^) (R^^)Ol^-SiRf . (22) 

HRf SIO- [Si(R^^)20]a- [SI (H) <R^)0]b- [Si(R^ {R^)0]^-SiRf H (23) 

(in the above formulae. R23 and R24 each represents an alkyi group of 1-6 carbon atoms or a phenyl group; R2S 
represents a C^.^q aikyi or aralkyl group; a is an Integer satisfying the relation 0 :^ a ^ 100; b is an integer satisfying 
the relation 2 ;^ b < 100» c Is an Integer satisfying the relation 0^c< 100); cyclic siioxanes of the following general 
fomiula (24) 




(wherein and R^^ each represents a C^.e alkyl g»*oup or a phenyl group; R28 represents a C^.^q ^'kyi or arall^yl 
group; d represents an Integer satisfying the relation 0 i d :S B; e represents an Integer satisfying the relation 2 s e s 
10; f represents an Integer satisfying the relation 0 S f i 8; provided that the relation of 3 ^ d + e + f S1 0 Is satisfied) 
[01061 These may be used each alone or two or more species may be used In admixture. Among these siioxanes, 
from the standpoint of compatibility with (meth)acrylicpolyrTiers,phenyl-containing linear siioxanes represented by the 
following general formula (25) or (26) and cyclic siioxanes represented by the general fonnula (27) or (28) are preferred. 

(CH3)3S10-[Si(H) (CH3)0]g-[Si(C6H5)20]h-SI(CH3)3 (25) 
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(CH3)3SICHSi(H) (CH3)0]g- [Si(CH3){CH2C(H)(R=")C,H5}0],-Si(CH3)3 



(26) 



■(^IO)i-{SiO)j 
CH3 CgHi 



ens 



(27) 



H CH3 
•(^iO)r(SiO)j 
CH3 O 



H2CHCBH5 



(28) 



diallylbisphenol A 3 3-SlvtoLhL„^* ► 1,8-nonadlene. 1 .9-decadlene, etc., ether compounds such as O.O"- 

preferred ir, viei of the^X^sfaCm^e^^^^^^^ """"""^ 

the vinyl polymer. orsiarang material, ease of removal of the excess siloxane, and compatbllity with 
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H CH3 

-(OSi)„-q 



J 



CH, 



(CH2), 



H^CHa 
(SiO)n- 



♦ 




(In the formulae, n represents an Integer of 2 to 4. and m represents an Integer ot 5 to 1 0) 
[01091 Th® v^ny' polymer as component (A) and the hydrosllyl group-containing compound as component (B) can 
be blended In an aitltrary ratio, but from the standpoint of curability, the alkenyl/hydrosllyl molar ratio Is preferably In 
the range of 5 to 0.2, more preferably 2.5 to 0.4. If the molar ratio exceeds 5, curing will be insufficient so that only a 
cured product having a sticlQ^ feel and a low hardness value will be obtained. If the ratio Is smaller than 0.2, a substantial 
proportion of active hydrosiiyt groups will remain in the cured product so that cracics and voids may occur to prevent 
fomnatlon of a homogeneous high-strength cured product. 

[01101 The curing reaction between the vinyl polymer as component (A) and the hydrosllyl group-containing com- 
pound as component (B) proceeds as the two components are blended and heated, but In order that the reaction may 
be expedited, a hydrosllylatlon catalyst can be added. The hydrosllylation catalyst mentioned Just above is not partic- 
ularly restricted but Includes radical Initiators such as organic peroxides and azo compounds and transition metal 
catalysts. 

[01111 Theradical Initlatormentlonedaboveisnotpartlcularlyrestrictedbutlnciudes. amongothers, diallcyl peroxides 
such as di-t-butyl peroxide, 

2,5-dlmethyl-2,5-d!(t-butylperoxy)hexane, 2.5-dlmethyl-2,5-dl(t-butylperoxy)-3-hexyne, dicumyl peroxide, t-butyl cumyl 
peroxide, a,oi'-bi6(t-butylperoxy)i80-propylbenzene, etc.; diacyi peroxides such as benzoyl peroxide^ p-chlorobenzoyi 
peroxide, nn-chlorobenzoyi peroxide, 2,4-dlchlorobenzoyl peroxide, lauroyl peroxide, etc.; peroxy add esters such as 
t-butyl perbenzoate; diperoxycarbonates such as diisopropyl diperoxycarbonate, di-2-ethylhexyl diperoxycarbonate, 
etc.; and peroxy ketals such as 1 ,1 -di(t-butylperoxy)cyclohexane, 1 .1-dI(t-butylperoxy)-3,3.5-tr1methylcyclohexane and 
so on. 

[01121 The transition metal catalyst mentioned above Is not particularly restricted but Includes, among others, plat- 
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compounds, there can t.'^^ZXSiPpT^Tf^^^^^^ "S'^A-n t^T^ T 

among othe«. These catalysts can be used IndSnS^^S^o^ Se^^^^^^^^ y^^i?' ^'^ ^C'*- 

nation. The amount of use of the catalvst Is not r,^i^^r^Z^Z I u Jf ®^ "^^ *^ ^ ^"'^a^'e ^ombl- 

per mol of the alkenyl group in LCnonUA) He oi^L ?S f P'^'T^ °' '° 

less than 10-8 mol, the curing i^onm^'^^^fS '° ^° °" '^'"^ " ^"""t is 

expensive and cor oslve a subSal ^o^^^^^^^ """^ hydrosilylatlon catalysts In general are 

Wore«.prefe.ed\orefr^^^^^^^^^^^ 

<HyclrosiIylatable composition (2)> 

H^Si(R^')a^,(Y),0]„.Si(Ri2j^^_ ^^^^ 

repreaeraunLem hylcln^^ 0^^^^ •'V ''>'^"'« («")3SI0- (where H' 

when two or more Rti or R« groups are Dii J? " ^'^^ °^ ^ff^^en'); » 

a hydrolyzablegroup and whiJ/J! m^rfv ' ^ ^ ^^'^^ or different; Y represents a hydroxyl group o 
integer of OjX'CisenTsan^^^^^^^^ 
ofa^-mbsi 18 satisfied} ^ ' 

.R05jb^gpa«,cu,ar.y^^^^^^ 

are present In the crossllnkable sllyl Ii^y mTybethlial^^d^^^^^^ ''f'^"'" °' ^^^"P^ 
crossllnkable sllyl group Is not less tten l huffnTJ^cl L T ? ^ ^'o'"^ '"""'ns a 

like, the numberVprefeX nSrS^JtiS """^ Interconnected by slloxane bonding or me 

\r;:L:^ZTZS:":i ^-.g acrossimkab. group Of the gene.„om,ula (30, 

Sll'i'faf ^^!' ^ ^"'^ ^ respectively as deHned hereinbefore) 



-tSI(R^')j.,(Y),OJ„^l(R«,^.(Y), 



(31) 
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{wherein R^^ and R^^ each represents an allcyl group o1 1 to 20 cart)on atoms, an aryl group of 6 to 20 carton atonfis. 
an araikyi group of 7 to 20 carbon atoms, or a triorganoslloxy group rBpresented by the formula (R')3SiO- (where R' 
represents a univalent hydrocarbon group of 1 to 20 carbon atoms; the three R* groups may be the same or different); 
when two or more R^^ or R^^ groups are present, they may be the same or different; Y represents a hydroxyl group or 
5 a hydrolyzable group and when two or more Y groups are present, they may be the same or different: a represents an 
Integer ot 0, 1 , 2 or 3; b represents an Integer of 0, 1 or 2; m represents an Integer of 0 to 19; provided that the relation 
of a mb 2 1 is satisfied} 

[01221 The hydrolyzable group Includes conventional groups such as hydrogen, alkoxy, acyloxy. ketoximato. amino, 
amido, aminooxy, mercapto, alkenyloxy, and so forth. Among these, alkoxy, amido and aminooxy are preferred, with 

10 alkoxy being particularly prefen^d In view of mild hydrolyzablllty and ease of handling. 

[01231 The number of hydrolyzable groups and/or hydroxyl groups which may be bonded per silicon atom is 1 to 3 
and the value of (a + Zb) Is preferably within the range of 1 to 5. When two or more hydrolyzable or hydroxyl groups 
are present in the crosslinkable sllyl group, they may be the same or different. The number of silicon atoms fomiing a 
crosslinkable sllyl group Is not less than 1 but in the case of silteon atoms Interconnected by slioxane bonding or the 

15 like, the number Is preferably not larger than 20. Particularly prefen^ed from availability points of view Is a crosslinkable 
sllyl group of the following general formula (32). 



(wherein R'^^, Y and a are respectively as defined hereinbefore) 

[01241 When the cured product obtained from the crosslinkable sllyl group-containingvlnyi polymer of the invention 
is required to have rubber-like properties, in particular, at least one of the crosslinkable siiyi groups Is preferably located 
at the molecular chain temninus, for a large Inter-crosslink molecular weight may then be provided. IWore preferably, 
2s all the functional groups are located at the molecular chain temnlnl. 

[01251 The relative amount of the vinyl polymer as component (A) and crosslinkable sllyl group-containing hydrosl- 
lane compound as component (B) is not particularly restricted but it is preferred to insure that the hydrosilyl group will 
be more than one equivalent to the alkenyl group. 

[0126] For accelerating the hydrosilylation reaction, a hydrosiiylation catalyst may be added. As the hydrosiiyiatlon 
^0 catalyst, the catalysts mentioned hereinbefore can be employed. 

[01271 The reaction temperature Is not particularly restricted but the reaction is canledout generallyat 0 to 200 *C, 
preferably 30 to 1 50 '^C, more preferably 80 to 150 *C. 

[01281 Curing of the curable composition (2) maybe effected with or without the aid of a condensation catalyst. The 
condensation catalyst which can be used includes titanic esters such as tetrabutyi titanate, tetrapropyl titanate, etc.; 

3S organotin compounds such as dibutyltin dilaurate, dibutyitin diacetylacetonate, dibutyltin maieate, dibutyltin diacetate, 
dibutyllln dimethoxide, tin octoate, tin naphthenate; lead octoate; amine compounds such as butylamlne, octylamlne, 
dibutylamlne. monoethanolamlne. diethanolamlne, triethanoiamlne, diethylenetrlamlne, trtethylenetetramlne, 
oieylamlne, octylamlne, cyclohexylamlne, benzylamlne, diethylamlnopropyiamine, xyiyienediamine, triethyienedi- 
amlne, guanidlne, diphenylguanidine. 2,4,6-trls(dlmethylaminomethyl)phenoi. morphollne, N-methylmorpholine, 

^0 1 ,3'-dlazabicyclo(6.4.6)undecene-7, etc. and their carboxylates; the reaction product or mixture of an amine compound 
with an organotin compound, such as the reaction product or mixture of laurylamine with tin octoate; the low-molecular- 
weight polyamlde resin obtainable from an excess of a poiyamlne and a polybasic acid; the reaction product of an 
excess of a poiyamlne with an epoxy compound; amino group-containing silane coupling agents, and known silanol 
catalystssuch as •y-amlnopropyttrlmethoxysiiane, N-(|i-aminoethyl)aminopropylmethyldlmethoxysllane, etc. These cat- 

45 alysts may be used each alone or In combination. The amount of use of the catalyst Is preferably 0 to 10 weight % 
based on the crosslinkable sllyl group-terminatedvinyi polymer. When an alkoxy group is chosen as the hydrolyzable 
group Y, the polymer by itself shows only a k>w cure speed so that the use of a curing catalyst is preferred. 

<Curabie compositlon> 



[01291 For the adjustment of physical characteristics, the above-described curable compositions (1) and (2) are 
respectively supplemented with various additives, such as flame retardants» aging Inhibitors, flllers, piasticizers, phys- 
ical stale modifiers, reactive diluents, lackifiers, storage stability-improving agents, solvents, radical chain terminators, 
metal sequestering agents, ozone degradation Inhibitors, phosphonis-type peroxide decomposing agents, lubricants, 
55 pigments, fonning agents, photocurable resins and so forth in suitable amounts as necessary. These various additives 
may each be used one species alone or two or more species together. 

[0130] Furthemiore, since the vinyl polymer Is Inherently excellent in durability, It Is not always necessary to fomnulate 



-Si(R^^>3.a(Y)a 



(32) 
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<Filler> 

[0131 J The filler which can be formulated Is not oarticuiarlv r*^<itrirforf hut fnr th^ * . 

<Pla8ticl2er> 

<Storage stability-Improving agent> 
<Solvent> 

<Tackifiar> 

agent As specific examples, there can be mentioned allcylalkoxyellanas such as methylirlmethoxvsilana dimathuH 
imethoxysllane trimetfiylmethoxysltene. n^ropyltrtmethoxysllane. etc, all<i.isoproXw2Sa^*r^^^^^^ 
ZZL"Z ■ '-P-P-'^'^-'--. -tc.: vinyl type unsaturated glp^nSng^ianL s^c^^^^^^ 

rni, ^ ■ ™y^""«''ylmethoxysilan9. vinyltriethoxysilane. y-rnethacryloylowropylmethyldimethomTJe v- 

[01361 The preferred, among these, are sllane coupling agents having both an oiganic group containing an atom In 
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addition to carbon and hydrogen, such as epoxy. (meth)acryl. Isocyanato, Isocyanurate, carbamate, amino, mercapto. 
carboxyl orthe like, andacrossllnkable silyl group per molecule. Thus, the Isocyanato-contalning alkoxysllane Includes 
Y^lsocyanatopropyltrlmetho)cysllane. ylsocyanato-propyltrlethoxysllane, r'socyanatopnopylmethyl-dlethoxysllane, y- 
isocyanatopropylmethytdimethoxyailane, etc.; the Isocyanurate-containing alkoxysllane Includes isocyanuratosiianes 

5 such as trts(trlmethoxysltyl) Isocyanurate, the amino-contalning alkoxysllane Includes v-amlnopropyttrlmethoxysllane. 
7-amlnopit)pyltriethoxysllane, T^amlnopropyfrnethyldimethoxysllane, y-amlnopropylmethyldlethoxysilane, N-(p-aml- 
noethyl>ramjncpropyltrimsthoxysilane. N-(P-aminoethy!)-y-aminopropylm6thyWimethoxysllane. N-(P-aminoethyi)^ 
aminopropyltrlethoxysllane, N-(P^^amlnoethyl)-y-amlnopropylmethyldlethoxysllane. T^ureldopropyltrlmethoxysllane. N- 
phenyl^amlnopropyltrlmethoxy6liane,N-benzyl-7^lnopropyltrlmethoxysllane,N-vlnylbanzy^^ 

10 ysllane, etc.; the mercapto-contalnlng alkoxysllane Includes THnercaptopropyl-trlmethoxysllane, Y-mercaptopropyltrl- 
ethoxysllane, T^mercaptopropylmethyldlmethoxyallane, T^mercaptopropylmethyldlethoxysllane, etc.; the carboxyl-con- 
talning alkoxysllane Includes various carboxysllanes such as p-carboxyethyltrlethoxysllane, p-cartx)xyethytphenylbls 
{2-methoxyethoxy)silan6, N-p-(carboxym8thyl)aminoethyl-raminopropyltrimethoxysilane, etc.; the halogen-contain- 
ing alkoxysllane Includes ychloropropyltrlmethoxysllane and other halogen-containing sllanes. 

»^ [01371 Moreover, derivatives obtainable by modification of the above silane compounds, such as amino-modllled 
sityi polymeria, sllylated amino polymers, unsaturated aminosllane complexes, phenylamlno-tong-chain aikylsllanes, 
aminosllylated silicones, sllylated polyesters, etc., can also be used as sllane coupling agents. 
[0138] Among these, more preferred In terms of curability and adhesion are alkoxysllanes having an epoxy group 
or a (math)acryllc group per molecule. More specifically, the epoxy-containing alkoxysllane Includes v^tycidoxypropyl- 

20 methyldlmethoxysllane, 7-glycldoxypropyltrlmethoxysllane, y-glycldoxypropyltrlethoxys!lane, p-(3,4-epoxycyclohexyl) 
ethyltrlmethoxysllano, p-(3,4-epoxycyclohexyl)ethyltrlethoxysllane, T^glycldoxypropylmethyldilsopropenoxysilane, etc. 
and the (meth)acryl-contalnlng alkoxysllane Includes rmethaayloxypropyltrlmethoxysllane, irmethacryloxypropyltrl- 
ethoxysdane, y-acryloxy-propyltrlmethoxysllane, y-acryloxypropyltriethoxysllane, methacryloxymethyltrlmethoxysl- 
lane, methacryloxymethyltrlethoxysilane, acryloxymethyl-trlmethoxysllane, acryloxymethyltrlethoxysllane, etc. These 

25 nnay be used each alone or two or more of them may be used in combination. 

[0139] For Improved adhesion, a crosslinkable sityl condensation catalyst can be used In combination with the above 
tacklfler. The crosslinkable sllyt condensation catalyst Includes organotin compounds such as dlbutyltln dllaurate, dlb- 
utyltln diacetylacetonate, dlbutyltln dimethoxide, tin octoate, etc.; organoalumlnum connpounds such as aluminum 
acetylacetonate etc.; and organotltanlum compounds such as tetralsopropoxytttanlum, tetrabutoxytltanlum and so 

30 forth. 

[01401 Tacklflers other than sllane coupling agents are not particularly restrlctedbut include epoxy resin, phenolic 
resl^, sulfur, alkyi tltanates, aromatic polylsocyanates and so forth. 

[01411 '^(^e tacklfler Is preferably fomnulated In a proportion of 0.01 to 20 parts by weight relative to 100 parts by 
weight of the vinyl polymer. At amounts below 0,01 parts by weight, the adhesion-Improving effect will be Insufficient. 
35 On the other hand, if the amount of 20 parts by weight Is exceeded, the physical properties of the cured product will 
be adversely affected. The pretended annount Is 0.1 to 10 parts by weight and more prefen^ed amount Is 0.5 to 5 parts 
by weight. 

[01421 "^hd alcove adhesion-improving agents may be used each alone or two or more of them may be used In 
admixture. By adding such an tacklfler, the adhesion of the composition to adherends can be Improved. 

40 

<Moldlng technology> 

[01431 The molding technology for use when the curable composition of the Invention is to bo used as a shaped 
product Is not particularly restricted but includes a variety of conventional mokJing methods. For example, casting, 

45 compression molding, transfer fomrilng. injection molding, extrusion molding, rotational molding, blow molding, ther- 
moforming, etc. can be mentioned. From the standpoint of automatic continuous production and productivity, Injection 
molding Is particularly preferred. For use of the product as gaskets or the like, whichever of the wet type system In 
whbh the curable composition Is applied to flange surfaces, which are then brought together before curing, and the 
composition is caused to cure and the dry type system in which the curable composition is causad to cure and then 

50 Interposed between the flange surfaces can be employed. 

<:Uses> 

[01441 The curable composition of the invention can be used in various applications including but not limited to 
55 sealants such as architectural elastic sealants and multilayer glass sealants, electrtcai/electronic parts such as solar 
cell back sealants, electrical insulation materials such as conductor/cable sheaths, setf-adhesives. adhesives, elastic 
adheslves, coatings, powder coating materials, coating agents, foams, electrlc^electronlc potting materials, film, gas- 
kets, casting conrpounds, manmade martjie, various molding materials, and rust- and water-proofing sealants for end 
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!ni!t,^'"l!®'?"'^ °' wire-reinforced glass or laminated glass, among othere 

it can be used as car b^-relateSsuThlliTM "« 1!"""^- '"^ ^"^""^"''^^ '"Stance- 

suspension rubbers with ribratlon- and aoimri nronfin« f f^f^^^'^ f>art8, It can be used as engine and 

parts, it can be used as hoses t JS iul^^^^^^^^ ^ ""^ ^ engine 
uses. Furthermore. It can be urei a^SSauii a^ 

eiectrical appliances, it can be uSd asTaS O ri^^^^^^^^^ '"'^ "^"^ 
vtoratlon rubbers, and moth-prropacCK^^^ 

seals forcleanere; drip-proof covere waterirll ^ ♦ ' soun^l-absorptlon materials and air 



EXAMPLES 



[01471 The following examples are Illustrative and by no means limitative of the present Invention. 
(Production Example 1) Process forproduri nq an allcenvi.fAn,,in:,ted vinvl poivm^r 

yienetriamlne (0.0228 mL 1 09 mmon fhaminaif^ hwln . > , C for 25 minutes. Then, pentamethyldieth- 
10 minutes of rsaSlon ool^^XT ^^ ^ ^^"^'^ the reaction was started. After 

po^merasTeferneS 5?^^^^^^^^^^ «^ ^"'^"^ ^-^^ 'no'^oule of the 

(Production Example 2) 

101501 A50Lautoclaveequlppedwltharetluxcondenserandstln«rwascha,geclwlthasuspensIonofCuBr(251.82 
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g, 1.76 mol) In acetonltille (2640 g) and, after nftrogen sealing, the suspension was stirred at 65 "C for 30 minutes. 
Then, butyl aciylate (6.0 kg), diethyl 2»5-dibromoadlpate (526.70 g. 1.46 mol), acetonltrile (695 g) and pentamethyldi- 
ethytenetrlamlne (1 2.0 mL. 56.5 nnmol) (hereinafter briefly as tilamlne) were added and the reaction was started. Under 
stirring at 80 butyl acrylate (24.0 kg) was continuously added dropwise. In the course of dropwise addition of butyl 

5 acrylate, a further amount of trlamlne (36.0 mL, 176nrvnoOwasadded. AfterheatlngandstlrrlngatSO^C. 1,7-octadlene 
(6.448 kg) and triamlne (120.0 mL, 585 mmol) were added and the nilxtune was further stirred under heating at 80 
for 4 hours. Thereafter, the heating and stirring were stopped for a while and a further amount of triamlne (80.0 mL. 
390 mmol) was added and the stlnring under heating was canled out at 90 *'C for 4 hours to gh^e a polymer [2]-03ntainlng 
reaction mixture (potymerization reaction mixture [2*]). 

10 [0151 1 As assayed by GPC analysis (polystyrene equivalence method), this polymer [2] had a number average mo- 
lecular weight of 23600 and a molecular weight distribution of 1 .21 . The average number of alkanyl groups Introduced 
per molecule of the polymer as determined by NMR analysis was 2.9. 

(Production Example 3) Process for producing an alkenyl-tenninated vinyl polymer 

15 

[0152] A 100 mL round-bottonned flask equipped with a reflux condenser tube and stirrer was charged with CuBr 
(0.375 g. 2.62 mmol) followed by nitrogen purging. Then, acetonltrlle (5.00 mL) was added and the mixture was stin-ed 
in an oil bath at 70 ''C for 15 minutes. Then, butyl acrylate (50.0 ml, 0.349 mol) and diethyl 2.5-dIbromoadlpate (0.784 
g, 2. 1 8 mmol) were added and the whole mixture was stirred at 70 *'C for 40 minutes. To this mixture was added triamine 
20 . (0.0228 mL, 1 .09 mmol), and the reaction was started. Tlien, after 3, 1 5 and 30 minutes, 0.0228 mL portions of triamlne 
were further added. At 195 minutes after start of the reaction, 1 ,7-octadiene (12.9 mL, 0.0872 mmol) was added and 
the mixture was further stirred In an oil bath maintained at 1 00 ""C for 240 minutes. 

[0153] The reaction mixture was diluted with 9 volumes of toluene and the solid traction was filtered off to give an 
alkenyl group-tennlnated polymer (polymer [31)-contalnlng solution (polymer solution [3']). As analyzed by GPC (pol- 
25 ystyrene equivalence method), this polymer [3] had a number average molecular weight of 22400 and a molecular 
weight distribution of 1 .22. The average number of alkenyl groups Introduced per polymer molecule as determined 
by NMR analysis was 1.5. 

[0154] The polymer solutions [V] to [3'] obtained In Production Example 1 to 3 were respectively purified with the 
oxidizing agent or reducing agent shown In Table 1 or 2. 

30 

(Example 1) 

[OlSs] To 16 mL of polymer solution [1 ') was added sodium percarbonate (1 .00 g; product of Mitsubishi Gas Chemical; 
powders), and the mixture was stirred at room temperature for 3 hours. After the solid fraction was filtered off, the 
^ toluene was distilled off to give a vinyl polymer. Using the polymer thus obtained^ the residual copper was determined. 
The result Is shown In Table 1 . 

(Comparath^e Example 1 ) 

^0 [01 56] Polymer solution [V ], 1 5 mL, was allowed to stand at room temperature and then filtered and the toluene was 
distilled off as In Example 1 to give a vinyl polymer. The residual copper In the polymer thus obtained was detemrilned. 
The result Is shown In Table 1 . 

(Example 2) 

43 

[01 57] To 40 mL of polymer solution [2*] was added sodium percarbonate (2.00 g; product of Mitsubishi Gas Chemical; 
powders), and the mixture was stln'ed at room temperature for 3 hours. The solid fraction was filtered off and the toluene 
was distilled off to give a vinyl polymer. Using the polymer thus obtained, gelation time and residual copperwere de- 
tennined. The results are shown in Table 1 . 

50 

(Comparative Example 2) 

[0158] Polymer solution [2'], 40 ml, was allowed to stand at room temperature. The solution was then filtered and 
the toluene was distilled off as In Example 2 to give a vinyl polymer. The residual copper in this polymer was detemnlned. 
55 The result is shown in Table 1 . 
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(Examples) 



(Comparative Example 3) 
(Example 4} 

(Comparative Example 4) 
(Example 5) 

(Comparative Example 5) 
(Quantitative determination of copper) 

mi^JL^d^'SmalZ ^1""^"^"*'''' ""'"'^ "''"^ ^"^"^ """^ ^"P^^-^'a'^ P"''^ ^"""^"^ and subjected to 
S fk, '"P*^™^"- Using an ICP mass spectrometer (manufactured by Yokooawa Analytical Svstems- hp 

4500). theresldualcopperlnthedecomposftlonproductwas assayed todetermLthSd^^^^^^ 
(Curing test) 
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Claims 

1. A method for purillcatlon of a vinyl polymer obtainable by the atom transfer radical polymerization of a vinyl mon- 
omer using a transition metal complex as a polymerization catalyst, 

which comprises bringing said vinyl polymer Into contact with an oxidizing agent or a reducing agent 

2. A method for purification of a vinyl polymer having at least one alkenyl group per molecule or an Intermediate 
obtainable In the course of production of said vinyl polymer, 

which comprises bringing said vinyl polymer or Intennedlate into contact with an oxidizing agentor a reducing 



10 

3. The method for purification according to Claim 1 or 2 
wherein the oxidizing agent Is oxygen or ozone. 

»5 4. The method for purification according to Claim 1 or 2 
wherein the oxidizing agent Is a peroxide. 

5. The method for purification according to Claim 4 

wherein the peroxide Is hydrogen peroxide or a hydrogen peroxide derivative. 

20 

6. The method for purification according to Claim 5 

wherein the peroxide Is an aqueous solution of hydrogen peroxide, a percarbonate, a perborate or urea 
peroxide. 

2s 7. The method for purification according to Claim 1 or 2 
wherein the reducing agent is a metal. 



8. The method for purification according to Claim 7 
wherein the metal Is an alkali metal or an alkaline earth metal. 

9. The method for purification according to Claim 7 

wherein the metal Is aluminum or zinc. 

♦ 

10. The method for purification according to Claim 1 or 2 
35 wherein the reducing agent is a metal hydride. 

1 1 . The method for purification according to Claim 1 0 

wherein the metal hydride Is any one of aluminum hydride, an organotln hydride and silicon hydride. 

^0 12, The method for purification according to Claim 1 or 2 

wherein the reducing agent is any one of boron hydride, hydrazine, dlimide, phosphorus, a phosphoms com- 
pound, hydrogen and an aidehyde. 

13. The method for purification according to Claim 1 or 2 

45 wherein the reducing agent Is sulfur or a sulfur compound. 

14. The method for purification according to Claim 13 

wherein the sulfur connpound Is any one of rongalit, a hydrosulflte and thiourea dioxide. 

50 15, The method for purification according to any of Claims 2 to 14 

wherein the vinyl polymer having at least one alkenyl group per molecule Is obtainable by the atom transfer 
radical polymerization of a vinyl monomer using a transition metal complex as a polymerization catalyst. 

16. The method for purification according to any of Claims 2 to 15 

55 wherein the alkenyl group is located at the molecular chain tenninus of the vinyl polymer. 

17. The method for purification according to Claim 16^ 

wherein the vinyl polymer having an alkenyl group at the molecular chain tenninus is obtainable by adding 
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19. The method for purification according to any of Claims 1 to 18 

wherein the vinyl polymer Is a (meth)acryllc polymer. 

20. The method for purification according to any ol Claims 1 to 19 

wherein the vinyl polymer has a number average molecular weight of 600 to 1 00000. 

21 . The method for purification according to any of Claims 1 to 20 

wherein the vinyl polymer has a molecular weight distribution value of less than 1 .8. 

22. The method for purification according to any of Claims 1 to 21 

23. The method for purlflcaUon according to Claim 22 

wherein the center metal of the transition metal catalyst Is Iron, nickel, ruthenium or copper. 

24. The method for purification according to any of Claims 1 to 23 

Wherein a polyamlne compound Is used as a catalyst llgand for atom transfer radical polymerization. 

25. A vinyl polymer as obtainable by the method for purification according to any of Claims 1 to 24. 

to aCfaSm's'l JoT'"'"" "'^ '"^'^ torpurlficatlon according* 

27. A hydrosliylatable composition comprising 

Siims no 2I "'"y P°^«^ by the method for purification according to any of 

(B) a hydrosilyl group-containing compound. 

28. The hydrosilyiatable composition according to Claim 27 

wherein the (B) component has at least 1.1 hydrosilyl groups per molecule. 

29. The hydrosliylatable composition according to Claim 27 

wherein the (B) component is a hydrosllane compound having a croasllnlcabie sliyi group. 

30. The hydrosliylatable composition according to any of Claims 26 to 29 

comprising a platinum catalyst. 

32. The vinyl polymer according to Claim 31 

wherein the crossllnkable sliyi group Is a hydrolyzable silyl group. 

33. The vinyl polymer according to Claim 32 

Wherein the hydrolyzable sllyl group la a hydrosilyl group or an alkoxysiiyi group. 

34. A curable composition 

comprising the vinyl polymer according to any of Claims 31 to 33. 
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